I. INTRODUCTION
The analysis of high-frequency and short-wavelength phenomena has fostered the progress of nonequilibrium statistical mechanics and nonequilibrium thermodynamics. In the mentioned conditions, the classical transport laws, namely, Fourier's law of heat conduction and Newton-Stokes law of viscous pressure, must be substituted by more general expressions taking into account nonlocal effects, both in time and space. Furthermore, if the amplitude of the perturbation is high enough, nonlinear dissipative e6'ects must be also considered. The derivation and interpretation of such general equations is one of the main topics of research in nonequilibrium phenomena.
At high frequencies, one cannot take as independent hydrodynamical variables only the conserved, or slow, variables, as mass, momentum, and energy, but one must include in the set of basic variables those whose relaxation time is of the order of the inverse of the frequency.
Thus, some nonconserved variables, as, for instance, dissipa, tive 6ows (heat liow, viscous pressure tensor, and so on) may become independent variables at high frequencies. This idea is the basis of some microscopic developments, as the 13-moments method in kinetic theory of gases [1] , some formulations of generalized hydrodynamics based on projection-operator techniques [2] , and the macroscopic theory known as extended (or transient) irreversible thermodynamics (EIT), [3 -10] . All these deve1opments inc1ude as independent variables the usual dissipative flows.
The evolution equations for the flows play in these theories the role of generalized transport equations. Due to the enormous complexity of real systems, the simple evolution equations proposed in these theories are no more than plausible caricatures which allow us to appreciate qualitative e6'ects beyond the classical theory as, for instance, the high-frequency behavior of thermal waves [3, 11] or of shear waves, the nonequilibrium corrections to hydrodynamic noise at high frequencies [12] , nonequilibrium modifications of the equations of state and their consequences on the critical point [13] , nonequilibrium contributions to the entropy [3 -10] [17] , respectively. This has prompted the comment that the EIT is currently a theory in crisis [18] .
Heuristically, this feature is quite general in hyperbolic systems where smooth signals cannot propagate at speeds higher than the highest characteristic speed [1] . In contrast, the usual parabolic (classical) theory does not yield any critical Mach number but it allows us, in principle, to evaluate the shock thickness up to arbitrarily high Mach numbers. Accordingly, it seems wise to examine the existing formulations of EIT in order to improve, as far as possible, its connection with experiments, i.e. , to increase the critical Mach number predicted by them.
The purpose of this paper is to reexamine this interesting problem from the point of view of the more recent formulation of BIT. Indeed, the simple older models of EIT include as additional independent variables the classical dissipative flows only. However, at frequencies comparable to the inverse of the collision time an in6nite number of variables should be included in the theory as, for instance, higher and higher-order moments of the distribution function. In fact, the relaxation times of these nonconserved variables cannot be shorter than the collision time, so that they should be considered as independent variables in these conditions (a development of EIT with the inclusion of higher-order flows has been already undertaken [19] where q=q", P'=P"', and v =u . These relationships must be supplemented by the state equations Up to first order in e, the structure of the shock layer is determined by [15] A In the next section we show that a possible way out for this problem could be to "renormalize" the transport coefficients in order to take into account higher-order nonlocal and nonlinear effects, ignored in the old version of EIT sketched above. [19] and
The entropy production can be derived from the equation of evolution for s, When q and P' are included in the theory, their respective flows and the flows of these flows should also be included as independent variables, at least in principle. If the relaxation times of the higher-order flows are much shorter than the inverse of the frequency, these variables should not be considered as independent variables, but they should be considered as so otherwise. In monoatomic ideal gases, the relaxation times of the higher-order flows -which correspond to higher-order moments of the distribution function from a microscopic point of view [21] -are all of the same order. Consequently, when q and P' have to be considered as independent variables, all their higher-order flows should be considered as independent variables as well. This point of view has been explored in EIT theories [19] .
For the sake of simplicity, we shall restrict ourselves to q (the analysis for P' is analogous). We denote q as q" ', q' ' is a second-order tensor describing the flow of q'" and, in general, q'"' is the nth order tensor corresponding to the How of q'" ",an (n -1)th order tensor. An asymptotic expression for Eq. (3.9) can be obtained with the use of the scheme proposed by Gianozzi et al. [22] Unfortunately, the normalization of I"2, the coefficient related to the entropy flow, appearing in model GI, requires more involved arguments based on fluctuation theory and we will not deal with it here but in a future work which is currently in progress.
IV. NONLINEAR EFFECTS: FOURTH-ORDER TERMS IN THE ENTROPY
In the previous section only linear nonlocal effects were considered. Since a shock wave drives the medium far away from thermodynamic equilibrium with rather high values for the heat flow and the viscous pressure it seems quite natural to take into account nonlinear effects. In this section we examine a particular kind of nonlinear effect related to an expansion of the nonequilibrium entropy function up to fourth order in the heat flow and viscous pressure.
We now consider an expression for the nonequilibrium entropy analogous to the integrated form of (2.1),
The dispersion relation for thermal waves reads (3.1 1) ps =ps, -q -P":P', 2KT' 4qT namely, (4.la) pcico= -k x (co, k) .
In the high-frequency limit ( 
